L acunar infarcts are small infarcts located deep in the brain or in the brain stem.' They are usually caused by local obstruction of a small perforating artery.2-4 At autopsy, Fisher2-4 distinguished two causes of local small-vessel obstruction: lipohyalinosis, mainly found in hypertensive patients with small, multiple, and usually asymptomatic lacunes; and microatheromatous disease, which mainly occurred in cases with larger, usually single symptomatic lacunes. The term arteriolosclerosis might be more appropriate than lipohyalinosis because in addition to lipohyalinization of the arteriolar media there is also fibrous intimal proliferation and, in severe cases, fibrinoid necrosis. 2, 3, 5 In microatheromatosis a small atheromatous plaque narrows or occludes the perforating artery proximally at its orifice, sometimes with a superimposed thrombus. 2, 3, 6 More recently, Caplan6 drew attention to the microatheromatous cause of small-vessel obstruction. Also related to arteriolosclerosis are periventricular white matter hypodensities on computed tomography (CT), so-called leukoaraiosis, which are associated with men-sclerosis is an important cause of both multiple lacunar infarcts and leukoaraiosis,2,3,5'10,11 distinguishing this vasculopathy from microatheromatous disease during life could enable more appropriate therapy.
We hypothesize that if these two causes of local small-vessel obstruction also manifest themselves separately during life, we should be able to recognize two lacunar infarct entities. Therefore, in a prospective stroke registry using clinical and CT findings, we investigated the hypothesis that lacunar infarct patients with one or more asymptomatic lacunar infarcts and those with only one symptomatic lacunar infarct represent two clinically distinct lacunar infarct entities, probably reflecting the two pathologically defined vasculopathies arteriolosclerosis and microatheromatosis, respectively.
Subjects and Methods
The patients were registered at the University Hospital of Maastricht between July 1987 and August 1989 in a prospective registry of all patients with a first-ever supratentorial brain infarct with symptoms lasting longer than 24 hours. This brain infarct registry was described in more detail recently.2'13 All patients had an axial CT scan, which was made with a Philips Tomoscan 350 or a Siemens Somotom Plus with consecutive slices of 9-or 10-mm thickness, parallel to the orbitomeatal line.
Symptomatic lacunar infarction was defined as a case of a lacunar syndrome in which CT findings were compatible with infarction due to occlusion of one (Table 2) : anterior choroidal artery territory was involved in almost 70% of the symptomatic infarcts, whereas the lateral and medial striate arteries were involved in 75% of the asymptomatic infarcts. Moreover, the symptomatic lacunar infarcts were significantly larger than the asymptomatic lacunar infarcts ( Table 2 ).
Discussion
We found that most patients with asymptomatic lacunar infarcts had leukoaraiosis (71%) and hypertension (71%). Asymptomatic lacunar infarcts were independently highly associated with leukoaraiosis, whereas its association with hypertension was partially dependent on the presence of leukoaraiosis. The findings may support our hypothesis that two distinct lacunar infarct entities can be broadly distinguished during life: patients with a single, symptomatic lacunar infarct and the usual vascular risk factors; and patients with multiple lacunar infarcts and a high frequency of hypertension and leukoaraiosis. In neurologically normal persons, silent lacunar lesions were also associated with hypertension and periventricular white matter lesions.22 Autopsy studies in a limited number of patients showed that leukoaraiosis and small, multiple, and usually asymptomatic lacunar infarcts were related to arteriolosclerosis, whereas large, single, and usually symptomatic lacunar infarcts were caused by microatheromatous disease.2'3,5"0'11 Although speculative, our two distinct lacunar infarct entities likely reflect these two causes of local small-vessel obstruction: patients with multiple lacunar infarcts and leukoaraiosis may have arteriolosclerosis, and those with a single, symptomatic lacunar infarct without leukoaraiosis may have microatheromatous disease.
Our finding that the asymptomatic lacunar infarcts were significantly smaller and differed from the symptomatic infarcts in location and involved vascular territory may reflect that the smaller a lesion is and the more a lesion is located in a clinically nonstrategic area, the more likely it is that it does not produce symptoms. On the other hand, combined with the fact that these asymptomatic infarcts are associated with hypertension and leukoaraiosis, these findings may also reflect that arteriolosclerosis is the dominating cause of obstruction in the striate arteries. Subsequently, microatheromatosis might be the dominating vasculopathy of the anterior choroidal artery.
It was demonstrated at autopsy that arteriolosclerosis is the primary factor in the pathogenesis of diffuse white matter lesions.5 However, a clinical study showed that some patients with diffuse white matter lesions had large-artery strokes as well as small-artery strokes on follow-up.23 Apparently arteriolosclerosis of the small cerebral arteries does not exclude patients from suffering future large-artery strokes.
Our study has some limitations, and therefore the results must be interpreted with caution. Our registry is hospital-based and not population-based. However, our hospital is the only hospital in the Maastricht referral area, and furthermore, only approximately 16% of stroke patients in The Netherlands are not admitted to the hospital.24 These are probably primarily rapid lethal and rapid reversible strokes usually representing cerebral hemorrhage and transient ischemic attack, respectively, both of which are not included in our study. Therefore, we consider any significant referral bias unlikely. Furthermore, all our patients had symptomatic lacunar infarction. In future studies, the association of asymptomatic lacunar infarcts with leukoaraiosis and hypertension should also be investigated in neurologically asymptomatic patients. Finally, our hypothesis, which is based on clinical and radiological data, can only be definitely established in autopsy studies, but in view of the low early case fatality rate of lacunar infarct patients such studies will remain difficult to perform.
In some patients the two types of cerebral smallvessel obstruction may coexist. Fisher2 found both types of small-vessel obstruction at autopsy in one patient. Moreover, arteriolosclerosis and microatheromatosis could be related because they have morphological similarities at the microscopic level. The clinical separation of the two lacunar infarct entities may not have been absolute because some (asymptomatic) lacunar infarcts go undetected by CT. Although specificity of magnetic resonance imaging (MRI) is low, future MRI studies could possibly make the intended distinction between the two groups more accurately.
The role of hypertension as a major risk factor for lacunar infarction has been questioned frequently. In clinical studies many lacunar infarct patients were not hypertensive,12'2526 whereas the frequency and degree of hypertension did not differ between lacunar infarct patients and those with infarction involving the cortex.12,26 This could be explained by the fact that hypertension is a risk factor for all types of stroke and by our finding that of all lacunar infarct patients, only a minority will suffer from presumed arteriolosclerosis. Therefore, the higher frequencies of hypertension in the arteriolosclerosis patients are lost in those of the lacunar infarct group as a whole. The varying frequencies of hypertension between different lacunar infarct studies could be due to a varying degree by which patients with either type of small-vessel disease were included.
Interestingly, Fisher2 suggested that the severity and duration of the hypertension might determine the type of small-vessel vasculopathy. More severe and longstanding hypertension tended to give rise to the arteriolosclerosis type of small-vessel vasculopathy.2 However, a problem is the characterization of the hypertension in a particular patient because one needs to know the duration of hypertension and, in assessing the severity of hypertension, one has to have at his disposal repeated blood pressure measurements over does not always reliably reflect the degree of longstanding hypertension. Only a prospective study of a very large series of newly diagnosed hypertensive patients could provide an answer to this interesting problem.
The asymptomatic lacunar infarcts in our study were predominantly located in the frontal parts of the deep regions. These findings concur with those of Ishii et al,27
who found diffuse softening of the white matter and multiple lacunes, both predominantly located in the frontal lobes, in 30 autopsy cases of vascular dementia with a lacunar state. The penetrating small arteries all exhibited arteriolosclerosis. This further supports the hypothesis that arteriolosclerosis in particular causes diffuse white matter softenings along with multiple lacunar infarcts, with eventual development of subcortical vascular dementia. Therefore, differentiating between the two lacunar infarct entities is important because this could provide the possibility of recognizing during life those patients who are probably at high risk to eventually develop subcortical vascular dementia. Hypertension seems to be the major important risk factor for arteriolosclerosis, diligent treatment of which may substantially reduce the risk of mental impairment and eventual subcortical vascular dementia.
Finally, it is important to realize that the issue of white matter lesions, hypertension, and arteriolosclerosis is still far from being solved and that more clinical and especially pathological studies are needed to solve this problem and to definitely establish the hypothesis that has been presented in this study.
